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Background and purpose — To achieve a common understanding 
when dealing with long bone fractures in children, the AO Pedi-
atric Comprehensive Classifi cation of Long Bone Fractures (AO 
PCCF) was introduced in 2007. As part of its fi nal validation, we 
present the most relevant fracture patterns in the upper extremi-
ties of a representative population of children classifi ed according 
to the PCCF.
Patients and methods — We included children and adolescents 
(0–17 years old) diagnosed with 1 or more long bone fractures 
between January 2009 and December 2011 at the university hos-
pitals in Bern and Lausanne (Switzerland). Patient charts were 
retrospectively reviewed and fractures were classifi ed from stan-
dard radiographs.
Results — Of 2,292 upper extremity fractures in 2,203 children 
and adolescents, 26% involved the humerus and 74% involved 
the forearm. In the humerus, 61%, and in the forearm, 80% of 
single distal fractures involved the metaphysis. In adolescents, 
single humerus fractures were more often epiphyseal and diaphy-
seal fractures, and among adolescents radius fractures were more 
often epiphyseal fractures than in other age groups. 47% of com-
bined forearm fractures were distal metaphyseal fractures.
Only 0.7% of fractures could not be classifi ed within 1 of the 
child-specifi c fracture patterns. Of the single epiphyseal fractures, 
49% were Salter-Harris type-II (SH II) fractures; of these, 94% 
occurred in schoolchildren and adolescents. Of the metaphyseal 
fractures, 58% showed an incomplete fracture pattern. 89% of 
incomplete fractures affected the distal radius. Of the diaphyseal 
fractures, 32% were greenstick fractures. 24 Monteggia frac-
tures occurred in pre-school children and schoolchildren, and 2 
occurred in adolescents.
Interpretation — The pattern of pediatric fractures in the 
upper extremity can be comprehensively described according to 
the PCCF. Prospective clinical studies are needed to determine its 
clinical relevance for treatment decisions and prognostication of 
outcome.
■
In 2007, a new classifi cation for long bone fractures in chil-
dren and adolescents, the AO Pediatric Comprehensive Classi-
fi cation of Long Bone Fractures (PCCF) (Slongo et al. 2007b) 
was developed and evaluated according to a 3-phase concept 
proposed by Audige et al. (2005). Following the initial valida-
tion phase and during its development (Audigé et al. 2004, 
Slongo et al. 2006), the classifi cation was found to be reliable 
and accurate among a panel of experienced pediatric trauma 
surgeons (Slongo et al. 2006), and a large group of surgeons 
with various levels of experience in treating children’s frac-
tures (Slongo et al. 2007a).
This study is part of the third and fi nal PCCF validation 
phase, where the classifi cation was applied in the context of 
a retrospective clinical study and using new specialized AO 
Comprehensive Injury Automatic Classifi er (AOCOIAC) soft-
ware (www.aofoundation.org/aocoiac). Epidemiological data 
relating to this patient cohort have been published recently 
(Joeris et al. 2014).
In 2 papers, the morphological patterns of fractures of the 
upper and lower extremity are presented (this paper and Joeris 
et al. (2016), in this issue of Acta Orthopaedica). In addition, 
following a previous publication by Slongo et al. (2007c), a 
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third paper specifi cally covers the occurrence and distribution 
of multifragmentary fractures (Audigé et al. (2016), also in 
this issue). This fi rst paper presents the pediatric fracture pat-
terns in the upper extremity coded according to the PCCF.
Patients and methods
All the patients included in this study were diagnosed with 1 or 
more long bone fractures between January 2009 and Decem-
ber 2011, in 2 (primary and tertiary care) university hospi-
tals in Lausanne and Bern. Both hospitals treat approximately 
80% of children and adolescents in their respective areas of 
provision of fracture care (Joeris et al. 2014). We included 
all fractures with open physes that were documented in the 
patient information system of each clinic. Open physes were 
confi rmed by an experienced child trauma surgeon in each 
clinic, at the time of classifying the fractures from standard 
anterior-posterior (AP) and lateral radiographs. No inclusion 
criteria relating to fracture management/therapy were set.
Patient charts were retrospectively reviewed for data extrac-
tion, documentation, and fracture classifi cation according to 
the AO PCCF system (Slongo et al. 2006). The AO PCCF is 
based on the Müller AO classifi cation of fractures (Müller et 
al. 1990), and it was adapted specifi cally for the needs of the 
growing skeleton—including several dimensions related to 
location and morphology (Figure 1).
Patient and fracture data, including radiographs, were col-
lected using the AOCOIAC software (Figure 2). AOCOIAC is 
PC-based software with a skeleton interface facilitating fracture 
classifi cation and coding via specifi c modules, including the 
Müller AO classifi cation system (Müller et al. 1990) and the AO 
pediatric classifi cation system (Slongo et al. 2007b) for long 
bone fractures, and it also has a newly developed CMF fracture 
classifi cation system (Audige et al. 2014) in version 4.0.
Patient demographics included age, sex, and BMI. The BMI 
was only available for 80% of patients (643 of 801) from the 
Children’s Hospital in Bern who were older than 2 years. 
The children were categorized in 1 of the 5 following cate-
Figure 1. Overall structure of the AO Pediatric Comprehensive Clas-
sifi cation of Long Bone Fractures (AO PCCF). Fracture location is 
identifi ed by the fractured long bone (1 = humerus, 2 = radius/ulna, 3 
= femur, and 4 = tibia/fi bula) and its injured segments (1 = proximal, 
2 = shaft, 3 = distal). If only a single bone of the forearm or the lower 
leg is fractured, a small letter, describing the bone (“r”, “u”, “t”, or “f”) is 
added after the segment code. The capital letter that follows identifi es 
the fracture type as epiphyseal (E) or metaphyseal (M) for proximal or 
distal fractures, or diaphyseal (D) for shaft fractures. Fracture morphol-
ogy is identifi ed by a code for specifi c child patterns related to the 
fracture type, a severity code (occurrence of multifragmentation, dis-
tinguishing between simple and wedge or complex fractures), and—if 
required—an additional displacement code for supracondylar or radial 
head fractures.
Figure 2. Screen shot of the AOCOIAC interface with documentation of a distal radius fracture caused by a fall.
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Table 1. Demographics of patients with 2,292 upper 
extremity fractures
 Patients
Parameter n (%) 
Number of patients 2,203
Age a, years  
 Mean (SD) 7.8  (3.7)
 Median (range) 8 ( 0–17)
Age classes  
 Infants and toddlers (< 2 years) 98  (4)
 Pre-school children (2 to < 6 years) 570  (26)
 Schoolchildren b (6 to < 11 years) 938  (43)
 Adolescents (11 to 17 years) 597  (27)
Sex  
 Female 896  (41)
 Male 1,307  (59)
BMI classes c  
 Severely thin 28  (4)
 Thin 50  (8)
 Normal 399  (62)
 Overweight 94  (15)
 Obese 72  (11)
a Age at the time of event, truncated.
b Corresponds to middle childhood.
c The BMI range according to the WHO could only be 
calculated for Bern patients aged 2 years and older, 
for whom height and weight measurements were 
available.
Table 2. Distribution of fractures according to segment and type within bones. 
Values are n (%)
   Infants/ Pre-school School 
Bone Type toddlers children children  Adolescents Total
Humerus (1)  25 227 243 107    602
 Proximal E   0     3     7   18      28
  M   2   14   31   30      77
 Shaft D   2   10     4   13      29
  M 19 156 168   23    366
 Distal E   2   43   30   22      97
 Multilevel a    0     1     3     1        5
Radius/Ulna (2)  74 364 735 517 1,690
 Radius  35 (47) 120 (33) 430 (59) 273 (53)    858 (51)
    Proximal E   0     2   11     5      18
  M   1     1   20   11      33
    Shaft D   2   10   14   7      33
     M 32 106 351 200    689
    Distal E   0     1   34   50      85
 Ulna    4 (5)   41 (11)   30 (4)   24 (5)      99 (6)
    Proximal E   0     0     0     0        0
  M   1   25     9   14      49
    Shaft D   0   16   17     5      38
     M   3     0     4     4      11
    Distal E   0     0     0     1        1
 Combined  35 (47) 203 (56) b 275 (37) c 220 (43) d    733 (44)
Total  99 591 978 624 2,292
D: diaphysis; E: epiphysis; M: metaphysis.
a
 All 5 fracture events included 2 fracture locations.
b
 Including 1 fracture event with 2 fracture locations in the ulna.
c
 Including 2 fracture events with 2 fracture locations in the radius and 1 event with 3 
fracture locations in the radius and ulna.
d
 Including 1 fracture event with 2 fracture locations in the radius and 2 events with 3 
locations in the radius and ulna.
gories, according to the World Health Organisation (WHO) 
BMI-for-age percentiles for boys and girls: “severely thin”, 
“thin”, “normal”, “overweight” and “obese” (www.who.int/
childgrowth/standards/bmi_for_age/en/). Furthermore, 4 age 
groups were considered: (1) infants and toddlers (< 2 years), 
(2) pre-school children (2 to < 6 years), (3) schoolchildren 
(6 to < 11 years), and (4) adolescents (11 to 17 years). The 
date of occurrence of the injuries, as well as their causes, were 
also documented; these are presented and discussed elsewhere 
(Joeris et al. 2014).
The whole study cohort had 2,716 patients with 2,730 trauma 
events and 2,840 fractured long bones. For this study, 2,203 
patients with 2,268 trauma events and 2,292 documented frac-
tured long bones in the upper extremity were identifi ed.
Statistics
After anonymization, data were transferred into intercooled 
Stata software version 12 for analysis. Fracture location (bone, 
segment, and type) and child-specifi c morphological patterns 
(child code) within each location, including both combined 
fractures of the radius and the ulna (hereon referred to as 
“combined fractures in paired bones”) and fracture displace-
ment (supracondylar and radial head fractures), were cross-
tabulated with absolute and relative frequencies according to 
patient age group. The distributions of fracture characteristics 
(e.g. location according to subtype) across age groups were 
assessed using the chi-square test.
Ethics
The study was conducted in accordance with the Declaration 
of Helsinki. Ethics approval from both local authorities was 
obtained (Lausanne: protocols 118/13 and 374/15; Bern: reg-
istry 23-10-12). As this was a retrospective study involving a 
large patient cohort, and data were anonymized and collected 
centrally, no patient consent was required.
Results
Demographics
Patient demographics are shown in Table 1.
Fracture location
Of all fractured long bones in the upper extremity, 26% (602 
of 2,292) involved the humerus and 74% (1,690 of 2,292) 
involved the forearm (Table 2). In the humerus, single distal 
fractures involving the metaphysis accounted for 61% (366 
of 602), and in the radius for 80% (689 of 858). Adolescent 
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humerus fractures were the only group where all segments 
and sub-segments were approximately equally affected (Table 
2), and more epiphyseal fractures (proximal and distal; 37%, 
40 of 107) and diaphyseal fractures (12%, 13 of 107) were 
documented than in other age groups (p < 0.001). Epiphyseal 
radius fractures were more frequent in adolescents than in 
other age groups (p < 0.001).
The majority of combined fractures in the forearm (includ-
ing only 1 fracture per bone) occurred distally, with combined 
distal metaphyseal fractures accounting for 47% (343 of 726). 
There were more combined epiphyseal fractures in the radius 
and ulna in schoolchildren and adolescents than in infants/tod-
dlers and pre-school children (p < 0.001) (Table 3, see Supple-
mentary data).
Fracture morphology
0.7% of fractures (15 of 2,292) could not be classifi ed in 1 of 
the child-specifi c fracture patterns and were therefore classi-
fi ed as “other -/9” (e.g. 21u-M/9). “Other” fracture patterns 
were most frequently observed in the distal humerus (10 of 
15).
The most frequently encountered patterns in single epiph-
yseal fractures were Salter-Harris type-II (SH II) fractures 
(49%, 108 of 222). 94% (102 of the 108) occurred in school-
children and adolescents (mostly in the distal radius) (Table 4, 
see Supplementary data). Of all the SH IV fractures, 36 of 66 
affected the distal humerus in pre-school children, represent-
ing three-quarters of the epiphyseal fractures in this age group.
58% of metaphyseal fractures (702 of 1,200) were classi-
fi ed as “incomplete” (including torus/buckle or greenstick 
fractures) (Table 5). Regardless of age, 89% of these fractures 
(626 of 702) affected the distal radius. The majority of incom-
plete fractures were documented in schoolchildren and ado-
lescents. Of all complete fractures, 72% (332 of 458) were 
found in the distal humerus.
Greenstick fractures were the most frequent diaphyseal 
fractures (31 of 96), representing 13 of 35 in schoolchildren 
and 9 of 23 in adolescents (Table 6).
26 Monteggia fractures were diagnosed and, of those, 24 
occurred in pre-school children and schoolchildren. Monteg-
gia fractures with the ulna fractured in the diaphysis were dis-
tributed approximately equally across pre-school children (n 
= 8) and schoolchildren (n = 7), whereas Monteggia fractures 
with the ulna fractured in the proximal metaphysis were diag-
nosed 8 times in pre-school children and only once in school-
children (Tables 5 and 6, see Supplementary data).
Of all the documented combined fractures of the radius 
and ulna, distal metaphyseal fractures were most frequent; of 
those, incomplete fractures accounted for 63% (218 of 345) 
(Table 7, see Supplementary data). Of the 164 diaphyseal frac-
tures, 33% (54 of 164) were greenstick fractures of the radius 
and the ulna. The complete oblique fracture pattern occurred 3 
times more often in the ulna than in the radius. 
Discussion
Fracture classifi cation is necessary to improve the commu-
nication about fractures, to improve research documentation 
on fractures, and to allow comparability of data. A fracture 
classifi cation can also be used for teaching purposes, and can 
aid the treating physician in planning fracture management 
(Martin and Marsh 1997, Audige et al. 2005, Kamphaus et al. 
2015). Large-scale epidemiological studies, like this study, are 
essential to gain a better understanding of similarities and dif-
ferences in fracture patterns among age groups and sexes, and 
to identify injury mechanisms and risk factors (Landin 1983, 
Meling et al. 2009, Schalamon et al. 2011, Joeris et al. 2014).
A valid classifi cation must be reliable and accurate, clini-
cally useful, and comprehensive (so that any fracture can 
be classifi ed)—and yet it should be easy to use. The PCCF 
showed high reliability and accuracy (Slongo et al. 2006, 
2007a), and was used successfully for this large retrospective 
cohort (Joeris et al. 2014). For the upper extremity, only 0.7% 
of fractures could not be diagnosed within 1 of the specifi c 
child fracture patterns and had to be classifi ed as “other”, 
highlighting the comprehensiveness of the PCCF.
For epiphyseal fractures, Salter-Harris is the most fre-
quently used classifi cation (Carson et al. 2006), but due to 
a lack of detail, several improvements have been suggested 
over the years (Salter and Harris 1963, Ogden 1981, Peter-
son 1994a, b, Peterson et al. 1994). In 2014, the Ogden and 
Petersen classifi cations were applied to 292 physeal fractures 
of the distal radius, and after fi nding 96 cases that could not be 
classifi ed into a specifi c category, 5 additional fracture types 
were proposed (Sferopoulos 2014). In our large-scale clas-
sifi cation, only 5 epiphyseal fractures had to be classifi ed as 
“other”, indicating that the Salter-Harris—forming the basis 
of the classifi cation of physeal fractures in the AO PCCF—is 
suffi cient and comprehensive enough to classify epiphyseal 
fractures.
As children grow, their bone quality and activities change, 
and therefore fracture types also change. In accordance with 
previously published reports, schoolchildren and adolescents 
were the most affected groups; and the forearm was the most 
common fracture location (either radius alone or in combi-
nation with the ulna), with the distal segment being mostly 
affected (Cheng and Shen 1993, Kraus and Wessel 2010, Scha-
lamon et al. 2011). Single epiphyseal fractures occurred most 
frequently in adolescents and schoolchildren, with a predomi-
nance of the SH II pattern, as shown previously (Mann and 
Rajmaira 1990, Brown and DeLuca 1992, Hart et al. 2006).
The distribution of the different Monteggia-type fractures 
was also found to be age-specifi c (Bado 1967). Of Bado type-
II or -III Monteggia fractures, 8 of 10 occurred in pre-school 
children, whereas Bado type-I Monteggia fractures occurred 
equally often in pre-school children and schoolchildren. Over-
all, type-I Bado fractures occurred most often (62%), which 
corresponds to previously published data showing a preva-
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lence of up to 70% of Bado type-I fractures (Stanley and de 
Ia Garza 2001).
Galeazzi fractures or Galeazzi-equivalent fractures are rare 
lesions in children (Landfried et al. 1991, Waters 2001). This 
was confi rmed in our study, as not a single fracture of this type 
was observed among 1,690 forearm fractures.
Our study had some limitations, in particular its retrospec-
tive study design. The quality of the data was dependent on 
the completeness of the patient charts, specifi cally regarding 
the availability of the radiographs for classifi cation. Relevant 
treatment and outcome data were not collected in a uniform 
format, which would allow assessment of the prognostic value 
of the classifi cation. Thus, validation of the classifi cation is 
not yet completed.
In conclusion, the PCCF is a comprehensive classifi cation 
system for long bone fractures of the upper extremity. It can 
easily be used routinely in clinics, assisted by the AOCOIAC 
software. Further prospective clinical studies are required to 
fully validate the PCCF and to determine its clinical relevance 
in terms of support for treatment decisions and prognostica-
tion of outcome.
Supplementary data
Tables 3–7 are available as supplementary data in the online 
version of this article http://dx.doi.org/10.1080/17453674.20
16.1258532.
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